
Index

abdominal injuries
epidemiology, 563–5
imaging strategies, 599–600
lower rib fractures, 186–7, 190,

596
lumbar spine injuries, 532, 535
mortality, 565
visceral, 565–89

abdominal radiography, 599
duodenal hematoma, 571
pancreatic injuries, 578
small bowel perforation, 568–9

absorbed dose, radiation, 669–70
abusive head trauma (AHT), 343,

345–53
accidental vs., 351–3, 403,

423–4, 478–9
biomechanics, 347–8
cervicospinal junction and

spine, 494–553
clinical diagnosis, 346–7
cost to society, 353
editor’s note, 343
epidemiology, 346
extra-axial hemorrhage/

nonhemic collections,
394–441

facial injuries, 375–82
imaging patterns, 363–70
imaging protocol, 491
imaging strategies, 386–8,

487–92
legal challenges to expert

testimony, 648–51
media scrutiny of legal

proceedings, 650
parenchymal brain injury,

453–81
retinal hemorrhage, 350–1
scalp, subscalp, and cranium,

357–88
shaking as mechanism of

injury, 349–50
skull fractures. See skull

fractures
soft tissue injuries, 363–4
strength of evidence, 315–16
terminology and history,

345–6

accidental trauma, 268–75,
See also falls

head, 351–3, 403, 423–4,
478–9

imaging findings, 272–5
lower extremity, 272
perineal region, 599
ribs, 274–5
skull fractures, 372–4, 382–3
sternum, 275
subdural hemorrhage, 421,

423–4
upper extremity, 273–4

acetabular fractures, 101, 117
acoustic impedance, 680
acromial fractures
imaging features, 199–203
mechanisms of injury, 198
normal variants vs., 299
projectional effect mimicking,

300, 303
seizure disorders causing, 198,

219, 221
acromion process, 197–8
developmental variant, 300, 303
ossification variants, 298–301

adrenal injuries/hemorrhage,
574, 581, 584–6, 598

adversarial allegiance, culture of,
320

age of injury. See dating
age, patient
callus formation and, 212
dating fractures and,

210–11
inflicted skeletal trauma and,

27, 209
AHT. See abusive head trauma
alanine aminotransferase (ALT),

serum, 581
alar ligaments, 505–6
American Academy of Pediatrics

(AAP)
global skeletal imaging

recommendations, 332
skull radiography guidelines,

386
terminology of abusive head

trauma, 346

American College of Radiology
(ACR), 684

global skeletal imaging
recommendations, 332

imaging abusive head trauma,
487

skull radiography guidelines,
386

standards for skeletal surveys,
325, 336

American Health Information
Management Association
(AHIMA), 641

amylase, serum, 578
anal dilation, reflex, 621
anal injuries, 576–7
aneurysms, traumatic

intracranial, 474–5
angioneurotic edema, 364
anogenital injuries
accidental, 599
sexual abuse, 620–1

anoxic brain injury, 467, 469–70
anterior longitudinal ligament,

508, 532
anticoagulated patients,

intracranial hemorrhage,
431

anti-scatter grid, 681–2
anxiety, giving evidence in court,

662
aorta
pseudoaneurysm, 597–8
transection, 544, 546, 597

apical ligament, 505–6, 508
apnea
factitious, 618
trauma-induced, 471–2,

523–5
apophyseal bone, development,

16
apoptosis, brain cells, 456
apparent diffusion coefficient

(ADC), 696
apparent diffusion coefficient

(ADC) maps, 704
anoxic brain injury, 470
cerebral contusions, 463
cerebral edema, 459

delayed necrosis, 455
hyperemia, 471
ischemic brain injury, 473
normal, acute/subacute phase,

457
parenchymal brain lacerations,

467–8
subdural effusion, 419

arachnoid cysts, 431
arachnoid mater, 395–6
arterial spin labeling (ASL),

490–1, 705
cardiac arrest, 457
hyperemia, 469
ischemic brain injury, 473
near hanging, 470

arteriovenous fistulas (AVFs),
cerebral, 436

arteriovenous malformations
(AVMs), cerebral, 432,
436

arthrography
distal humeral physeal injuries,

139
proximal femoral injuries, 55,

59, 284
arthrogryposis
birth-related fractures, 279,

286
orthopedic manipulations,

223, 225
ascites
abdominal injuries, 578,

584
chylous, 579, 585–6

aspartate aminotransferase
(AST), serum, 581

atelectasis, 595
atlanto-axial ligament, 506
atlanto-occipital ligaments,

505–6, 508
atlanto-occipital subluxation/

dislocation, 513
atlas (C1), 504–5
attachments, parent–child, 634
attenuation, radiation, 669
attorneys. See lawyers
autophagy (autophagocytosis),

456
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axis (C2), 505
congenital spondylolysis,

547–8, 550
synchondrosis fracture, 509,

513–15
traumatic spondylolysis.

See hangman’s fracture
axonal stretch injury, traumatic.

See diffuse axonal injury

baby bouncers, 273
baby box, patient

immobilization, 713
baby walker-related falls, 478
babygram, 325, 709
inadequacy, 325, 336, 712

bacteremia, induced, 618–19
banding artifact, MRI, 698, 703
barium upper gastrointestinal

(uGI) series. See upper
gastrointestinal (uGI) series

battered child syndrome, 1, 3, 23
batteries, ingested, 615
beak, metaphyseal, 294
Becquerel, Antoine Henri, 668
benign enlargement of

subarachnoid spaces in
infancy (BESSI), 418,
420–3

b-factor, diffusion imaging, 703
bias
clinical research, 313–14, 319
expert medical testimony, 663

bile duct injuries, 582
biomechanics
abusive head trauma, 347–8
accidental head trauma, 351–3
craniocervical junction/

cervical spine injuries,
508–12

retinal hemorrhages, 350–1
shaking of infants, 349–50
skull fractures, 360–3
subdural hemorrhage, 407–8

birth injuries. See obstetric
trauma

bladder
hypertrophy, 588
needle implantation, 588
rupture, 587–8

Bloch equations, 690
Block, Robert W., 650
Bloembergen, Nicolaas, 695
blood vessels, bones, 13
blood volume, MRI, 704–5
blue sclerae, 255
bone, 9–13
anatomy, 9–13
cancellous, 10, 12
cortical, 10–12
formation and growth, 15–20
lamellar, 10–11
modeling, 20
remodeling, 20, 213–14
sites vulnerable to trauma, 21

types, 10
vascular and nerve supply, 13
woven, 10–11
x-ray imaging, 672

bone age, delayed, 610
bone cells, 13–14
bone demineralization, 240,

See also osteopenia
fracture risk, 248
osteogenesis imperfecta,

254–7, 260, 262–3
premature infants, 244

bone densitometry, 248
osteogenesis imperfecta, 263

bone dysplasias, inherited, 217–18
bone marrow, MRI, 698
bone mineral density (BMD)
fracture risk and, 248
“temporary brittle bone

disease”, 318
bone scintigraphy, 330,

See also positron
emission tomography

availability, 329
child in a cast, 331
clavicular fractures, 193–4
cost, 330
distal femoral epiphyseal

separation, 71, 81
distal humeral physeal injuries,

139, 145
distal radial fractures, 146, 153
femoral shaft fractures, 63, 65, 70
global skeletal assessment, 325
hand fractures, 151, 159–60
humeral fractures, 133, 135–6,

148
interpreter dependency, 330
mandibular fractures, 381, 385
need for additional imaging,

330
radiation dose, 329, 680
radiographic skeletal surveys

vs., 328–30
radius and ulna shaft fractures,

143, 145, 153
recommendations, 332
renal abnormalities, 586–7
rib fractures, 180, 182–4, 186,

189
scapular fractures, 200
sedation requirements, 329
sensitivity, 329
skull fractures, 362, 388
soft tissue injuries, 54, 57
specificity, 329
spinal trauma, 527–8, 531,

534–5, 551
SPNBF, 30, 32
technical factor dependency,

330
tibial shaft fractures, 97

bowed legs, physiologic, 295–7
bowel injuries, 567–77
Bradford Hill criteria, 311

brain
catch-up growth, 364–5, 611
contusions. See cerebral

contusions
liquefaction, 456–8, 468
MRI techniques, 697–8, 701,

704–5
parenchymal injuries, 453–81
accidental vs. abusive,
478–9

differential diagnoses,
478–81

direct mechanical, 461–6
follow-up imaging, 457–8,
478

normal CT and MRI, 478
outcome, 481
pathophysiologic principles,
454–61

patterns indicating abuse, 477
role of repetitive injury, 476
secondary, 467–76

parenchymal lacerations,
464–6, 468

brainstem injuries, 517, 522–9,
See also craniocervical
junction (CCJ) injuries

mechanisms, 525–7
pathology, 522–5
retroclival epidural

hematomas and, 530
breast calcification, 619–20, 622
bridging veins, cerebral cortical,

395–6, 409–10
thrombosis, 410–11
torn, 404, 409–11

bright cerebellum sign (reversal
sign), 467, 469

bright fat effect, fast spin echo
(FSE), 701

brittle bone disease. See
osteogenesis imperfecta

brittle bone disorders, other, 257
Bruck syndrome, 257
bruising. See also soft tissue

injuries
abusive head trauma, 346–7
facial, 375–8
immune-thrombocytopenic

purpura, 434–5
sexual abuse, 622

bucket handle fractures, 35, 42
distal femur, 67, 69–70, 73–4
distal humerus, 141
distal radius and ulna, 146,

155–7
distal tibia, 89, 92, 99, 101, 103,

105–6
fibula, 94, 109
histologic studies, 37, 40
proximal femur, 59, 61
proximal humerus, 124, 130
proximal tibia, 75–9, 85–6, 89
rib fractures resembling, 179,

182

buckle fractures, cortical, 31–2
distal humerus, 147
distal radius, 145, 153
femoral shaft, 64, 67
fibula, 95–6
first metatarsal, 97, 110
hand phalanges, 152, 159
proximal humeral metaphysis,

134, 147
proximal radius, 141, 150
proximal tibial metaphysis, 82,

91
ribs, 170, 176
scapula, 203
supracondylar distal humerus,

137, 139
bunk beds, falls from, 479
burden of proof, court

proceedings, 646
burns, 620–1

C1 (atlas), 504–5
C1–2 capsular ligaments, 506–7
C2. See axis
cadaveric studies. See

postmortem research
Caffey, John, 2, 23, 34–5, 345–6
Caffey–Kempe syndrome, 346
Caffey disease, 218, 230–1
calcification. See also heterotopic

bone formation
fat necrosis and, 619–20, 622
necklace distribution, 619
paraspinal, 542, 544, 594
precervical, 594

calcifying cartilage zone of
growth plate. See
mineralizing zone of
growth plate

calcium
homeostasis, 240–3
metabolism, disorders of,

240–9
calibration, radiographic

equipment, 709–12
callus
clavicular fractures, 193, 280
dating fractures, 209, 214–15
femoral shaft fractures, 64, 66,

68
formation, 212
humeral shaft fractures, 135–6
obstetric trauma, 280–1
osteogenesis imperfecta, 257,

262
rib fractures, 168, 173, 176–7,

182
scapular fractures, 201, 203

calvaria, 357
canaliculi, bone, 13
cancellous bone, 10, 12
capillary telangiectasia,

intracranial, 436
capsular ligament, C1–2, 506–7
caput succedaneum, 363–4
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cardiac arrest, brain injuries, 457,
468–9

cardiac enzymes/troponins, 597
cardiac injuries, 597, 617–18
cardiopulmonary resuscitation

(CPR), injuries due to,
189, 598

cardiovascular trauma, 597
care and protection cases, 662
caregivers. See parents
cartilage
endochondral ossification, 15
tidemark, 20

cartilage anlage, 15
cartilage hair hypoplasia, 218,

221
casts, skeletal imaging of children

in, 330–1
causation, 311
Bradford Hill criteria, 311
evidence-based radiology, 312

caustic ingestions, forced, 615–16
cavernous malformations
intracranial, 436
multiple, 436

celiac disease, 613
cell death, mechanisms, 454–8
central nervous system (CNS)
infections, 436, 476, 480
metabolic disorders involving,

434, 437–8, 480
cephalohematoma (subperiosteal

hematoma), 363–4, 372
birth-related, 374–5, 384

cerebellar tonsillar herniation,
518

cerebral contusional clefts, 464
cerebral contusional tears, 464
cerebral contusions, 454, 461–2
cerebral edema, 458–60
abusive head trauma, 471
acute necrosis, 454
cytotoxic, 458–9
hyperemic, 469–71
hypernatremic dehydration,

437–8
interstitial, 459–60
intramyelinic, 458–9
malignant unilateral, mixed

attenuation SDH, 425
severe diffuse, accidental head

injury, 479
vasogenic, 458–9

cerebral hemorrhage,
parenchymal.
See intracerebral
hemorrhage

cerebral palsy, 218, 222–4
cerebral perfusion, 469–71
cerebral sinovenous thrombosis

(CSVT), 431, 435–6
cerebral swelling. See cerebral

edema
cerebral venous anomalies,

developmental, 436

cerebral venous infarcts, 474–5
cerebrospinal fluid (CSF)
MRI, 697
volume depletion, subdural

hemorrhage, 427, 431–2
cervical spine injuries, 501–31
extra-axial collections, 513,

515–22
fractures, dislocations, and disk

herniations, 509, 511,
513–15

hyperflexion fracture-
dislocations, 512–13,
515

imaging strategies, 551–3
importance of timely

diagnosis, 501–4
ligamentous strains and

disruptions, 508, 512–13
mechanisms of injury,

508–12
pseudosubluxation, 515
relevant anatomy and

function, 504–8
retroclival collections, 518–20,

529–31
skeletal and ligamentous,

508–15
spectrum, 508
spinal cord, 522–9
clinical issues, 527–8
imaging, 517, 528–9
mechanisms, 525–7
pathology, 522–5

cervical spondylolysis,
congenital, 547–8

cesarean section, 279
clavicular fractures, 279
femoral fractures, 283–6
humeral fractures, 281–3

Chance-type fractures, 532,
541–5

chemical shift selective
suppression (CHESS),
700, 702

chest radiography, 326, 596
pharyngeal perforation, 592–3

chest trauma. See thoracic
trauma

child abuse
defined, 1
incidence and demographics,

1–2
child abuse pediatricians (CAPs),

633, 660
child abuse pediatrics, 1, 633
Child Abuse Prevention and

Treatment Act
(CAPTA), 1

child protection
aiding decision-making,

324–5
courtroom testimony, 662
reporting statutes, 641–3
state criminal statutes, 646

Child Protection Teams (CPTs),
633, 636, 638

consultation with, 642
Child Protective Services (CPS)
contacts with, 660
disclosure of information to,

640–1
reporting suspected abuse,

642–3
children. See also minors
characteristics of abused,

633–4
consent by, 639–40
immobilization, skeletal

surveys, 329, 713–14
interaction with at-risk, 636
records retention, 641
risk factors for abuse, 634

chiropractic manipulations, 189,
193, 275

choking, dysphagic, 441, 471
chondrocytes
bone formation, 15–16
growth plate, 17–19

chondro-osseous junction (COJ),
classic metaphyseal
lesion, 38, 40–2

chronic fractures, dating, 211–12
chronic subdural hemorrhage

(cSDH), 416–17, 425–31
dating, 398–400, 417
differential diagnosis, 430–1
imaging features, 414–15, 417,

423, 426–9
internal membranes, 414–15,

423, 427, 429
neomembrane formation, 417,

425, 427
origins, 417, 422, 425–6
re-bleeding, 428–30
innocent or trivial causes,
425–6, 429–30

re-injury/inflicted trauma,
426, 430

chronically ill children, 608–9
chylothorax, 596
chylous ascites, 579, 585–6
civil legal proceedings, 645–6
burden of proof, 646
courtroom testimony, 662
pre-trial depositions, 651–2

classic metaphyseal lesion
(CML), 34–47

age of injury, 39–42, 45–6
anatomic site, 39
as manifestation of rickets,

247
distal femur, 65–71, 73–4, 76,

78
distal humerus, 141, 149
distal radius and ulna, 146–8,

155–6
distal tibia, 88–93, 99–100,

103–5
distribution, 34, 36, 72

epiphyseal separations vs.,
47–8

femoral shaft fractures
accompanying, 65, 71

fibula, 94–6, 109
fracture extent, 39, 43–4
histologic studies, 35–7
mechanisms of injury, 43–4
normal metaphyseal step-off

contour vs., 293
obstetric trauma, 281–6
prevalence, 34–5
proximal femur, 59, 61
proximal humerus, 124–30
proximal tibia, 73–9, 83, 85–6,

88
radiographic projection, 39, 43
radiographic views, 325–6
radiologic correlates of

healing, 42, 44–5
radiologic–pathologic

correlates, 36–40
clavicle, 190
congenital pseudoarthrosis, 306
inflicted fractures, 189–95
imaging features, 192–5
mechanisms of injury, 190–3

normal variants, 306–7
obstetric trauma, 195, 213–15,

279–80
clay shoveler’s fracture, 536
clinical history. See history,

clinical
club foot deformity, serial casting

for, 223, 225
CML. See classic metaphyseal

lesion
coagulopathies, intracranial

hemorrhage, 430, 432–4
codfish vertebrae, osteogenesis

imperfecta, 262
cognitive biases, 313–14
Cohen, Jonathon, 208
coherent scatter, 669
cohort studies, 310
coiled-spring appearance, small

bowel hematomas, 571–2,
574–5

coins, ingested, 613–14
COL1A1/COL1A2 gene

mutations, 258–60
collagen fibers
bone, 10
tendoligamentous, 13

collagen type I, 258–9, 261
defects in osteogenesis

imperfecta, 259–60
collimation, x-ray beam, 668,

670, 712
colonic injuries, 576–7
comminuted fractures
femoral shaft, 63, 66
skull, 364, 370

Commonwealth v. Martin, 648–9
commotio cordis, 597
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Compton scatter, 669
computed radiography (CR),

675–6, 684
radiation dose management,

682
skeletal surveys, 709, 712

computed tomography (CT),
677–9

abusive head trauma, 487–9
adrenal injuries, 585
angiography (CTA),

neurovascular injury, 489
benign enlargement of

subarachnoid spaces in
infancy, 418, 423

chest trauma, 596
classic metaphyseal lesion,

37–40, 44
clinical role, 330
craniocervical and cervical

spine injuries, 551–2
bony and ligamentous,
510–11, 513, 515

retroclival hematoma, 519,
531

spinal subdural hemorrhage,
522

epidural hemorrhage, 401–3
femoral injuries, 60–1, 66
future developments, 684
helical, 679
humeral injuries, 124, 127, 131
hypoperfusion complex, 570,

582, 584, 598
intracranial extra-axial

hemorrhage, 397–8
kidney injuries, 586–7
liver injuries, 581–2
mandibular fractures, 381
multi-detector (MDCT),

678–9
pancreatic injuries, 578–9
parenchymal brain injuries
contusions, 462–3
diffuse axonal injury, 464
follow-up, 457–8
lacerations, 464, 466
necrotic cell death, 454–6
normal findings, 478

postmortem imaging, 335, 337
pseudo-subarachnoid

hemorrhage, 406
quantitative (QCT), 248
radiation dose, 671, 682–4
Effective Dose (Deff), 683–4
metrics, 683–4
reduction strategy, 489, 679,
682–3

rib fractures, 174, 180, 182,
184, 188, 190, 274

rib variants, normal, 302–4
scalp injuries, 362–3, 369–70
skull fractures, 364, 387
small bowel hematoma, 572–5
small bowel perforation, 569–70

specimen high-resolution, 337
splenic injuries, 583–4
sternal injuries, 196–7
subarachnoid hemorrhage,

404–6
subdural hemorrhage, 397,

408, 411, 488
chronic, 398–9, 414–15, 417,
424, 427–8

dating, 398
mixed attenuation, 398, 422,
424–5

subdural nonhemic
collections, 413–16,
419

thoracolumbar spine trauma,
532, 540

tibial CML, 92, 103
visceral trauma, 564, 599
whole body, 326

computed tomography (CT)
number, 678

computed tomography dose
index (CTDI), 683

concussion, 476
confessions, by perpetrators, 349
confidentiality, medical records,

640–1
congenital insensitivity to pain,

218, 221–3
consent, informed, 638–40
contrast discrimination
CT, 678
x-ray image, 672–4

contrast studies, oral, 600
contrecoup contusion, 461
contusion, brain. See cerebral

contusions
contusional clefts, brain, 464
contusional tears, brain, 464
copper deficiency, 218, 233–4
coracoid fractures, 198, 202–3
Cormack, Allan, 677
corner fractures, 35, 39, 42
distal femur, 67, 69–70, 73, 75
distal radius and ulna, 146–7,

155
distal tibia, 92, 100–1, 103–4
fibula, 94
first metatarsal, 111
histopathologic studies, 37–8
proximal femur, 59, 61
proximal humerus, 124–5, 127,

130
proximal tibia, 75–9, 85–6,

89
spondylometaphyseal

dysplasia (SMD) with,
217, 219

corporal punishment, shock due
to, 620

cortical bone, 10–12
normal variants, 293, 298–300

cortical buckle fractures.
See buckle fractures

cortical laminar necrosis, 460–1
cortical thickening
after intestinal transplantation,

231
Caffey disease, 230–1
radial and ulnar shafts, 145,

152
costochondral junction (CCJ)
bulbous configuration, 301–2,

304
fractures, 172, 176–9, 182–3,

186–7
costovertebral articulations,

170
rib fractures near, 168, 170, 187

coughing, paroxysmal, 441, 471
coup contusion, 461
court order, for records, 646–7
courtroom testimony, 654–6,

662–3, See also expert
medical testimony

coxa vara deformity, 55,
57–9

cranial injuries, 358–60,
See also scalp injuries;
skull fractures

imaging patterns, 364–5
repeat, 369, 375

cranial meninges, 395–6
cranial sonography, 487
cranial injuries, 375, 384, 388
parenchymal brain injuries,

456
parenchymal brain lacerations,

464–5
subarachnoid hemorrhage, 406

cranial sutures, 357, 359
biomechanics of fractures,

360–1
fissures intersecting, 370–1
normal variants, 372, 382
splitting/widening
catch-up brain growth,
364–5, 611

increased intracranial
pressure, 364, 374

vitamin A intoxication,
228–9

traumatic diastasis, 365, 373
craniocervical junction (CCJ)

injuries, 501–31,
See also neck injuries

extra-axial collections, 515–22
fractures, dislocations, and disk

herniations, 513–15
imaging strategies, 551–3
importance of timely

diagnosis, 501–4
ligamentous strains and

disruptions, 508, 512–13
mechanisms of injury, 508–12
medullary and spinal cord

injuries, 522–9
relevant anatomy and

function, 504–8

retroclival collections, 518–20,
529–31

skeletal and ligamentous,
508–15

spectrum, 508
craniofacial ratio, 358
cranium. See skull
criminal legal proceedings,

645–6
burden of proof, 646
courtroom testimony, 662
witness depositions, 652

cross-examination, expert
witnesses, 655–6

cruciate ligament of atlas, 505–8
crushing injuries, head trauma,

475, 479
CT. See computed tomography
CT number, 678
cultural issues, 635
Curie, Pierre and Marie, 668
cut back zone, 20

dates, courtroom appearances,
661–2

dating
fractures, 208–15,

See also fracture dating
intracerebral hemorrhage, 399,

466
subdural hemorrhage,

397–400, 417, 422, 426–7
Daubert hearings, 648–9
Davis, Christopher, 648
defendants, 646, See also

perpetrators
aiding assessment of intent,

647
deferoxamine, 234
definition of child abuse, 1
deformities, residual. See growth

disturbances/residual
deformities

dehydration, hypernatremic,
437–8

demarcation problem, 319–20
demineralization. See bone

demineralization
demographics, child abuse, 1–2
dentinogenesis imperfecta (DI),

254, 256–7
depositions, expert witness,

651–2
detective quantum efficiency

(DQE), 681–2
developmental dysplasia of hip

(DDH), 55, 59
diagnosis of child abuse
additional imaging after, 661
challenges to, 3–4
evidence-based approach,

310–13
hierarchy of efficacy, 312
medical, vs. medico-legal, 324
radiology report, 659
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diaphysis, 10
growth and development, 20

diets, fad, 611–12
diffuse axonal injury (DAI),

462–4
accidental head trauma, 479

diffuse correlation spectroscopy,
492

diffusion imaging, MRI,
703–4

diffusion tensor imaging (DTI)
basic principles, 696–7, 704
diffuse axonal injury, 464

diffusion-weighted imaging (DWI),
490, See also apparent
diffusion coefficient
(ADC) maps

anoxic brain injury, 470
basic principles, 696–7, 703–4
cerebral contusions, 461
delayed necrosis, 455
diffuse axonal injury, 465
near hanging, 470
normal, acute/subacute phase,

457
subdural effusion, 419, 476

DiGeorge syndrome, acromial
variant, 300, 303

digital radiographic technologies,
675–7

flat-panel systems. See digital
radiography

future developments, 684
radiation dose management,

682
selection of best detector,

676–7
skeletal surveys, 709
stimulable phosphor

technique. See computed
radiography

digital radiography (DR), 675–6
direct flat-panel detectors, 676
indirect flat-panel detectors,

675–6
radiation dose management,

682
skeletal surveys, 709, 712
system selection, 676–7

digital subtraction angiography
(DSA), 677

digital tomosynthesis (DT), 684
1,25-dihydroxyvitamin

D (1,25D2), 240–2
disabled children, 608–10, 634
discitis, inflammatory, 549
discovery, pre-trial, 646–7, 651
disprovability (falsifiability) test,

319–20
distal femur, 65–71
birth-related injuries, 283–6
classic metaphyseal lesion,

65–71, 73–4, 76, 78
irregularities in toddlers,

295–8

metaphyseal spur, 293
metaphyseal step-off

configuration, 294
nonspecific metaphyseal

fractures, 65, 72
normal anatomy, 65–7, 73
physeal injuries and epiphyseal

separations, 70–1, 80–1
distal forearm, 145–8, 153
buckle fractures, 145, 153
classic metaphyseal lesion,

146–8, 155–6
normal anatomy, 146, 154
physeal injuries, 148, 157

distal humerus, 136–41
accidental trauma, 273
classic metaphyseal lesion, 141,

148–9
obstetric trauma, 281–3

lateral condylar fractures, 140,
147, 273

medial condylar fracture, 140,
146

physeal injuries and epiphyseal
separations, 138–41,
144–6

birth-related, 281–4
residual deformities, 140,
146

supracondylar fractures,
137–9, 273–4

distal tibia, 88–93
classic metaphyseal lesion,

88–93, 99–100, 103–5
normal anatomy, 89, 98
physeal injuries and epiphyseal

separations, 93, 107
simple metaphyseal fractures,

88, 98
district attorneys, contacts with,

660
Dixon techniques, MRI, 701, 703
documentation. See records
dogs, attacks by, 613
domestic violence. See intimate

partner violence
Doppler sonography, infantile

hemangioma, 233
dose length product (DLP),

683
double inversion recovery (DIR)

imaging, 701
Down syndrome, 609–10
drowning, 620
drug-induced bone changes,

232–4
dual-energy x-ray

absorptiometry (DXA),
248

duodenal injuries
intramural hematomas, 570–3,

583, 598, 610
pancreatic injuries and, 579
perforation, 567–70, 576
strictures complicating, 575–6

dura mater, 395–6
endosteal or periosteal layer,

395
meningeal layer, 395–6

dural border cell layer (DBCL),
396, 409

hemorrhage within, 411–12
dural venous plexus, 409
dynamic contrast-enhanced

(DCE) MRI, 704–5
dysautonomia, familial, 221, 223
dysphagic choking, 441, 471
dysplasias, inherited bone,

217–18

ear injuries, 377
echo planar imaging (EPI),

703–5
echo time (TE), 693–4
gradient-echo imaging, 701
spin-echo imaging, 699

Edmunds, Audrey, 649–50
Effective Dose, radiation, 670–1
CT scanning (Deff), 683–4

effective echo time (ETE), 699
elbow dislocation, 138
electronic medical records

(EMR), 651
emails, as evidence, 651
emancipated minors, 639
emergencies, consent during, 639
emphysema, subcutaneous
mediastinum, 591–2
neck, 590–4

encephalitis, viral, 436, 476, 480
endochondral ossification, 15–20
epidemiology, child abuse, 1–2
epidural hemorrhage (EDH),

401–3
anatomic aspects, 395, 401
imaging considerations, 402–3
retroclival, 518, 530–1
spinal, 513, 515–17, 532

epiphyseal separations, 47–8,
See also physeal injuries

distal femur, 70–1, 80–1
distal humerus, 138–41, 146
distal radius, 157
distal tibia, 93
imaging strategies, 330
obstetric trauma, 281–6
proximal femur, 55–61
proximal humerus, 128–34
proximal tibia, 80–5, 90, 92

epiphysis, 10
blood vessels, 13
development, 16

equivalent absorbed dose,
radiation, 670

esophago-aortic fistula, 613
esophagus
burns from hot liquids, 615–16
caustic burns, 616
foreign bodies, 613–14
perforations, 590–4, 613, 622

evidence
expert medical. See expert

medical testimony
Federal Rules of, 647
hierarchy of, 311
legal proceedings, 647
levels of, diagnostic studies,

313
testimonial, 647

evidence-based medicine (EBM),
309–11

common pitfalls, 313–15
criticism of, 315–16

evidence-based radiology (EBR),
311–20

common pitfalls, 313–15
“temporary brittle bone

disease” and, 316–19
expert medical testimony, 645,

647–51, 662–3
avoiding bias, 663
care and protection cases, 662
challenges to reliability, 648–50
collateral: motions for new
trial, 649–50

Daubert, 648–9
habeas corpus, 650

charts/diagrams/other aids,
653, 663

courtroom procedure, 654–6
courtroom strategy, 663
criminal cases, 662
effects of increased scrutiny,

650–1
media attention, 650
opinion, 648, 653–5
reliability and Daubert, 648
respecting the jury, 663

expert witnesses, 647–57
“battle” between, 648, 663
consulting (opinion), 648,

653–5
cross-examination, 655–6
direct examination, 654–5
financial compensation, 653–4
helping the trier of fact, 647
hostile, 652
pre-trial depositions, 651–2
pre-trial preparation, 652–4,

661–2
qualification, 647–8
record keeping, 651
re-direct examination, 656
scheduling trial dates, 661–2
sequestration, 653, 656

exposure time, x-ray, 668
extra-axial hemorrhage and

nonhemic collections
intracranial, 394–441
spinal, 515–22

extracorporeal membrane
oxygenation (ECMO),
SDH due to, 430

extradural hemorrhage.
See epidural hemorrhage
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eye injuries. See also retinal
hemorrhages

ruptured globe, 384

facet joint disruption and
dislocation, 539–44

facial fractures, 378–82
facial injuries, 375–82
fact witnesses, 647–8
factitious illness, inflicted.

See Munchausen
syndrome by proxy

factor VIII deficiency, 433
factor IX deficiency, 433
factor X deficiency, 434
failure to thrive (FTT)
nonorganic, 610–11
organic, 609–10, 613

falls
head injury
biomechanics, 351–3
clinical data, 351
parenchymal brain injuries,
478–9

skull fractures, 372–4,
382–3

skeletal injuries, 269–72
false falx sign, 412–13
falsifiability (disprovability) test,

319–20
family. See also parents
characteristics, 634–5
interacting with, 635–6

FAST (focused assessment with
sonography for trauma),
599

fast spin echo (FSE), 699
bright fat effect, 701
single-shot (SSFSE), 698, 700

fat
embolism, 475–6
MRI, 688–9, 695, 701–3
x-ray imaging, 672

fat necrosis
and calcification, 619–20,

622
medullary, 579

fat saturation pulses, MRI, 700
fatal child abuse. See also

postmortem research
differential diagnosis, 338
epidemiology, 1–2
postmortem skeletal imaging.

See postmortem skeletal
imaging

Federal Rules of Evidence, 647
feet
fractures, 96–7, 110–12
osteolytic lesions complicating

pancreatitis, 579–80
radiographic skeletal surveys,

327
femur, 53–71
accidental trauma, 270–1,

273

birth-related trauma, 55, 58–9,
71, 283–6

distal. See distal femur
neck and trochanteric region

fractures, 61–3
physiologic SPNBF, 291, 293
predictors of abuse, 56–7
proximal. See proximal femur
shaft fractures, 63–5, 67, 70
accidental, 273
bilateral, 64, 67
birth-related, 283–4, 286
CML with, 65, 71
through pre-existing
physiologic SPNBF, 64,
69, 291

soft tissue injuries, 54, 57
ferritin, chronic subdural

hematoma, 400, 429
fetus
abuse, 620
brain MRI, 698
calcium homeostasis, 241–3
movements, “temporary brittle

bone disease” and, 318
rib fractures, 166, 264
spontaneous fractures, 279

fibroblast growth factor-23, 14
fibula, 94–6
accidental trauma, 270, 272
classic metaphyseal lesion,

94–6, 109
metaphyseal fractures, 94,

108
metaphyseal step-off

configuration, 294
shaft fractures, 87, 92, 94–5,

107
finger fractures, 148–52, 159–60
finite element (FE) modeling
abusive head trauma, 348
retinal hemorrhages, 350–1

first rib
fractures, 178, 184–6, 188
ossification defects/

pseudarthrosis, 300, 303
fissures, cranial, 370–1, 378–9
FLAIR (fluid-attenuated

inversion recovery)
imaging, 490, 701

flip angles (α), 693
gradient-echo imaging, 701
spin-echo imaging, 699

fluoroscopy, 677
follow-up skeletal surveys, 327
fontanels, 358
foot. See feet
football sign, 566, 568–9
foramen magnum, 504
forearm, 141–8
accidental trauma, 272
bilateral fractures, 143, 152
distal. See distal forearm
midshaft fractures, 141–5,

151–2

proximal fractures, 141, 149–50
foreign bodies
genitourinary, 618–19, 621
orally inserted, 590, 613–16
rectal, 577, 621–2
tracheobronchial tree, 596, 615
vaginal, 621–2

Fourier transformation, 692
fractional anisotropy (FA),

cerebral edema, 458
fracture dating, 208–15
age of child and, 209–11
chronic and remote fractures,

211–12
classic metaphyseal lesion,

39–42, 45–6
clinical history, 209–10
forensic significance, 208–9
guidelines, 215
pathophysiology, 209–12
radiographic phases, 213–14
repetitive injury and, 210–11
skull fractures, 369–70, 377
spinal trauma, 551

fracture healing
factors influencing, 209–12
histologic phases, 212–13
induction phase, 212
radiographic phases,

213–14
skull fractures, 369–70, 377

fractures, 23–48, See also skeletal
trauma; specific types and
locations of fractures

accidental, 268–75
bone mineral density and, 248
congenital rickets, 245
dating. See fracture dating
hospitalized children, 189, 192,

316–17
intrauterine, 279
line definition, dating role,

214–15
lower extremity, 53–117
metabolic bone disease of

prematurity, 244
obstetric trauma, 279–87
osteogenesis imperfecta,

254–5, 261–2
radiology report, 659
sexually abused children, 623
“temporary brittle bone

disease”, 316–18
thorax, 164–203
upper extremity, 121–52
vitamin D deficiency rickets,

246–8
without bruising/external

signs, 316, 318
frontal radiographic views,

skeletal surveys, 326
functional magnetic resonance

imaging (fMRI)
basic principles, 704–5
diffuse axonal injury, 464

gadolinium (Gd), 704–5
gamma camera, 668, 679
gamma rays, 668–9
interactions with matter, 669
properties, 669
radiation dose terminology,

669–71
sources, 668–9

gastric artery pseudoaneurysm,
597–8

gastric distention, neglected
children, 611

gastric hematoma, 566–7
gastric rupture, 565–6, 611
gastric ulcer, 566–7
gastrointestinal tract trauma,

565–77
genitourinary tract
foreign bodies, 618–19, 621
injuries, 586–9, 621–2

genu varum, physiologic, 295–7
glenohumeral dislocation, 132
glenoid fractures, inferior, 198–9,

201, 203
global skeletal assessment, 324–30
modalities, 326–30
recommendations, 332
sexual abuse, 622–3
special situations, 330–2
unexplained femoral shaft

fractures, 65
glutaric aciduria type I (GAI),

434, 438, 476, 480
gradient echoes, 693–4
gradient-echo imaging, 695–6,

701–3
Gray (Gy), 670
gray matter, MRI, 697–8
greenstick fractures, 32
groove of Ranvier, 16–17
growth (and development)
nonorganic failure to thrive,

610–11
skeletal, 15–20

growth disturbances/residual
deformities, 212–13

distal femoral physeal injuries,
71

distal humeral physeal injuries,
140, 146

meningococcemia, 224, 228
osteomyelitis, 224, 227
proximal femoral physeal

injuries, 58, 61
proximal humeral physeal

injuries, 126, 131, 134
proximal tibial physeal

injuries, 83, 92
growth hormone (GH), reduced

secretion, 610–11
growth plates (physes), 10, 15–20
closure, 20
growth factors and hormones

regulating, 17
injuries. See physeal injuries
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growth plates (physes) (cont.)
ribs, 170, 177
vertebrae, 531
vulnerability to trauma, 21
zones, 17–18

growth recovery (arrest) lines,
147–8, 211

guardians, legal. See parents

habeas corpus challenges, 650
hair pulling, 364, 619
hairline fractures, femoral shaft,

63
half-value layer (HVL), 669
hands
fractures, 148–52, 158–60
radiographic skeletal surveys,

327, 712
hanging, near, 467–8, 470
hangman’s fracture, 511, 515
differential diagnosis, 547–8
mechanism of injury, 511–12

HASTE sequences, MRI, 700
Haversian systems, 11–12
head trauma
abusive. See abusive head

trauma
accidental, 351–3, 403, 423–4,

478–9
healing
fracture. See fracture healing
physeal injuries, 213

Health Insurance Portability and
Accountability Act
(HIPAA), 640–1

hearing loss, osteogenesis
imperfecta, 256

hemangiomas, infantile, 232–3
hematologic disorders,

intracranial hemorrhage,
434–6

hematologic malignancies, 599,
See also leukemia

hematuria, 586
hemoglobin, oxidation state, 399
hemoperitoneum, liver injuries,

582
hemophagocytic

lymphohistiocytosis
(HLH), 438–9, 599

hemophilia, 433
hemorrhage
classic metaphyseal lesion, 39
fracture site, 212
intracranial. See intracranial

hemorrhage
subperiosteal, 27, 29–32, 212

hemorrhagic disease of newborn,
430, 432–3

hemosiderin
chronic subdural hematoma,

400, 429
intracranial extra-axial

hemorrhage, 399
hemothorax, 595

hereditary hemorrhagic
telangiectasia, 436

hereditary sensory and
autonomic neuropathies
(HSAN), 219–21

herpes encephalitis, 436, 476, 480
heterotopic bone formation.

See also calcification
pelvis and thigh, 101, 117
precervical, 594
spinal trauma, 542, 544

high-chair accidents, 273
hip. See also proximal femur
developmental dysplasia

(DDH), 55, 59
dislocation, pelvic fracture

with, 101, 116
soft tissue injuries, 54, 57

hired guns, 653, 656
histologic analysis, postmortem

specimens, 337
historical aspects
abusive head trauma, 345–6
child abuse, 2–3

history, clinical
abusive head trauma, 347
fracture dating, 209–10

hole-in-the-rib appearance, 178,
182

homicide cases, 647, 649–50
Hounsfield Unit (HU), 678
Hounsfield, Godfrey, 677
Howship lacunae, 14
humerus, 121–41
accidental trauma, 273–4
birth-related injuries, 123–4,

131, 138, 280–4
distal. See distal humerus
physiologic SPNBF, 291–2
proximal. See proximal

humerus
shaft fractures, 135–6
accidental, 273–4
birth-related, 280–1

Hunter syndrome, 234–5, 549,
551

hydrocarbon poisoning, 616
hydrocephalus, benign idiopathic

external. See benign
enlargement of
subarachnoid spaces in
infancy

hyperemia, cerebral, 469–71
hyperextension toddler’s

fracture, 272
hyperflexion cervical spine

injuries, 515
hypernatremic dehydration, 437–8
hyperostosis, infantile cortical

(Caffey disease), 218,
230–1

hypertrophic osteoarthropathy,
218, 231

hypertrophic zone of growth
plate, 18

classic metaphyseal lesion,
40–2

hypervitaminosis A, 218, 228–32
hypoperfusion complex, CT, 570,

582, 584, 598
hypopharyngeal perforations,

590–4, 614
hypophosphatasia, infantile/

childhood, 257
hypopituitarism, transient,

610–11
hypoxic ischemic

encephalopathy (HIE),
471–4

as cause of SDH/retinal
hemorrhages, 440–1

bilateral, 471–2
medullary/cervical cord

injuries and, 523–5
unilateral, 472–4, 477

ifosfamide, 232
ileum, intramural hematoma,

570
iliac fractures, 101, 115
images, radiologic.

See radiologic images
imaging, principles and

technologies, 667–84
immobilization, patient, skeletal

surveys, 329, 713–14
immune thrombocytopenic

purpura (ITP),
idiopathic, 434–5

immunodeficiency, thymic
involution and, 596, 613

impacted fractures
long bones, 33, 36
tibial shaft, 86, 95

impalement injuries, 616–17
impeachment, 652, 656
Inca bone, 371, 380
incidence, child abuse, 1–2
infants (<1 year). See also

neonates; premature
infants

biomechanics of falls, 352
cranium, 357–61
epidemiology of skeletal

injuries, 25, 27
fracture healing, 210–11
physiologic SPNBF, 290–1
radiographic skeletal surveys,

713
infections
CNS, 436, 476, 480
skeletal features, 223–6

inferior vena cava (IVC)
thrombosis, 582

inflammation, fracture site, 212
information
protected health (PHI),

disclosure, 640–1
withholding, from suspected

perpetrators, 641

informed consent, 638–40
informed permission, 639
intensive care, skeletal imaging of

children in, 331
intent, 1, 647
interleukin-1 receptor antagonist

deficiency, 224
internal jugular vein laceration,

594
interparietal bone (Inca bone),

371, 380
interspinous ligament, 508, 532
intestinal injuries, 567–77
intestinal transplantation, 231
intimate partner violence (IPV),

634–5
intracerebral hemorrhage, 466
dating, 399, 466

intracranial aneurysms,
traumatic, 474–5

intracranial hemorrhage. See also
specific types

coagulopathies causing, 430–4
extra-axial, 396–412
estimating age, 397–400

hematologic disorders, 434–6
intracranial hypotension
MRI features, 428, 432
subdural hemorrhage, 427,

431–2
intracranial imaging
protocol, 491
strategies, 487–92

intracranial injury (ICI)
epidemiology, 346
extra-axial hemorrhage and

nonhemic collections,
394–441

minor accidental falls, 478
parenchymal brain injury,

453–81
shaking as a mechanism,

349–50
skull fracture association,

358–60, 367
spinal injury association, 501

intracranial pressure, raised, split
cranial sutures, 364, 374

intradural hematoma (IDH),
440–1

intramembranous ossification,
15, 20

intraparietal suture, 372, 382
intraventricular hemorrhage

(IVH), 416, 418–19
intussusception, small bowel,

576–7
inversion time (TI), 700
ionizing radiation, 669–70
iron oxidation products
chronic subdural hematoma,

400, 429
intracranial hemorrhage, 399

ischial avulsion fracture, 66, 101,
116
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isolated sulfite oxidase deficiency
(ISOD), 477

jejunum
intramural hematomas, 570–5
perforations, 567–9
strictures, 575

judges, 654, 662
jury, 649, 653, 663

Keller, K. A. and Barnes, P. D.,
“Rickets vs. abuse” paper,
247–8

Kempe, C., 3, 23
kidney injuries, 581, 586–7
ectopic kidney, 586, 588
sexual abuse, 621, 623

kinky-hair syndrome.
See Menkes disease

knuckle beating, repeated, 152,
160

k-space, MRI, 692
k-value, CT, 683
kVp (peak kilovoltage), 668, 672
skeletal surveys, 713

kyphosis, congenital, 548, 550

labeling, radiographic images,
714

lactate dehydrogenase (LDH),
serum, 580

lamellae, interstitial, 12
lamellar bone, 10–11
Langerhans cell histiocytosis

(LCH), 438
Larmor frequency, 690–1
lateral radiographic views,

skeletal surveys, 326
Lauterbur, Paul, 691
law enforcement agencies.

See police/law
enforcement agencies

lawyers (attorneys), 646
issuing subpoenas, 661
pre-trial conferences, 652–4,

661–2
pre-trial depositions, 651–2

lead shielding, 714
left gastric artery

pseudoaneurysm, 597–8
legal issues, 638–43
consent, 638–40
medical records, 640–1
radiologist in court, 645–57
reporting abuse, 641–3

legal proceedings, 645–57
burden of proof, 646
civil vs. criminal cases, 645–6
evidence, 647
giving evidence. See expert

medical testimony
media interest, 650, 654
motion hearings, 647
pre-trial discovery, 646–7, 651
trial dates, 661–2

leptomeningeal cysts, 365, 388
leptomeningeal tumors, 435, 438
leptomeninges, 395
leukemia
intracranial hemorrhage,

434–5
skeletal features, 218, 232
visceral changes, 599

leukemic bands/lines, 78, 87, 232
ligamentum flavum, 506, 532
limbus vertebrae, 535
line scan diffusion imaging

(LSDI), 696
lipids. See fat
liquefaction, brain, 456–8, 468
liver function tests (LFTs), 580–1
liver injuries, 580–3
imaging, 581–3
lower rib fractures, 187, 190,

581–2
penetrating, 580

long bones
cortical irregularity and

indistinctness of shafts,
298

epidemiology of injuries, 25–7,
29–30

fractures in osteogenesis
imperfecta, 256–7, 260–1

impacted fractures, 33, 36
injuries, 30–48
oblique fractures. See oblique

fractures of long bones
obstetric trauma, 280–6
physiologic SPNBF, 291
shaft fractures, 31–4
sites vulnerable to injury, 21
spiral fractures. See spiral

fractures of long bones
transverse fractures.

See transverse fractures of
long bones

Looser zones, 243
low-birthweight infants, 609
lower extremity
accidental trauma, 272
fractures, 53–117
soft tissue injuries, 54, 57

lower urinary tract injuries, 587–8
lumbar puncture complications
intracranial subdural

hemorrhage, 432
spinal epidural hemorrhage,

516
spinal subdural hematoma,

517
vertebral body compression

fracture, 549
lumbar spine injuries, 532, 535,

See also thoracolumbar
spine injuries

lung injuries, 595–6
lye ingestion, forced, 616
lytic osseous lesions.

See osteolytic lesions

M (magnetic moment vector),
690

mA (tube current), 668
skeletal surveys, 713

macrocephaly of infancy, benign.
See benign enlargement
of subarachnoid spaces in
infancy

magnetic field gradient coils, 689,
691–3

magnetic field gradients, 691
magnetic field strength (Bo),

689–90
magnetic resonance angiography

(MRA)
head and neck, 489, 491
principles, 697, 702

magnetic resonance imaging
(MRI), 489–91, See also
specific pulse sequences
and techniques

abusive head trauma 489
adrenal injuries, 585
benign enlargement of

subarachnoid spaces in
infancy, 418, 422

biologic principles, 696–8
clavicular fractures, 192–3
craniocervical/cervical spine

injuries, 552–3
bony and ligamentous, 508,
510–11, 513, 515

cord injuries, 517, 522, 528–9
epidural hematoma, 513,
517

retroclival hematoma,
518–20, 531

subdural hemorrhage, 514,
516, 520–2

epidural hemorrhage, 403
femoral injuries, 56, 58, 60, 62,

66, 71
humeral injuries, 128, 133,

137, 139, 142, 144
infantile hemangioma, 233
intracranial extra-axial

hemorrhage, 397–400
intracranial hypotension, 428,

432
obstetric trauma, 284
osteomyelitis and septic

arthritis, 224–6
parenchymal brain injuries
anoxic injury, 470
cerebral edema, 458–60
contusions, 461–2
cortical laminar necrosis,
460–1

diffuse axonal injury, 464–5
follow-up, 457–8, 478
hematoma, 466
lacerations, 464–8
necrosis, 454–7
normal findings, 478

pelvic fractures, 115

physical principles, 689–96
pulse sequence approaches/

parameter settings,
698–705

retinal hemorrhages, 468
sacral fractures, 545, 549
scanner components, 689–91
skeletal injuries, 330
soft tissue lower extremity

injuries, 54, 57
spinal imaging strategies, 491,

551–3
subarachnoid hemorrhage,

403, 405–6
subdural hemorrhage, 407,

411, 426
birth-related, 418, 420
chronic, 400, 415, 417, 423,
428–9

dating, 399–400
subdural nonhemic collections,

412–13, 415–16, 419
thoracolumbar spine injuries,

529, 531, 534–5, 540–1
tibial CML, 93, 106
toddler’s fracture, 270
whole body. See whole body

magnetic resonance
imaging

magnetic resonance
spectroscopy, 1H.
See proton magnetic
resonance spectroscopy

magnetic resonance venogram
(MRV), brain, 491

male genital injuries, 588–9, 622
malnutrition, 611–13
mandibular fractures, 378–81, 385
birth-related, 287

mandibular subperiosteal new
bone formation, 381, 386

Mansfield, Sir Peter, 691, 703
Martin, Raymond, 648
masking, electronic, 712
mature minor doctrine, 639
media interest, legal proceedings,

650, 654
mediastinum
abscess, 591–3
avulsed tooth in, 593
emphysema, 591–2
pseudocyst, 592

medical records. See records
(medical)

medulla oblongata injuries,
522–9

mechanisms, 525–7
pathology, 522–5

medullary canal, 10
medullary cavity, formation, 16
MELAS (mitochondrial

myopathy
encephalopathy lactic
acidosis and stroke-like
episodes), 480
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Mendosal suture, 359, 372
meningeal artery injuries, 401–2
meninges, cranial, 395–6
meningitis, bacterial
hemorrhagic complications,

436
subdural effusion, 415, 419,

436
subdural empyema, 419

meningococcemia, infantile, 224,
228

Menkes disease
intracranial features, 437, 440,

477, 480
skeletal features, 218, 234–5

mental health sequelae, long-
lasting, 634

mesenteric hematomas, 575–6, 583
meta-analysis, 310
metabolic bone disease, 240–9
of prematurity, 243–4

metabolic disorders
birth-related fractures, 286
CNS involvement, 434, 437–8,

480
miscellaneous, 235

metacarpal cloaking, 151, 158
metacarpal fractures, 148–51, 158
metaphyseal dysplasias (MD),

217–18
McKusick type, 218, 221
Schmid type, 218, 220

metaphyseal fractures
(nonspecific)

distal femur, 65, 72
distal radius, 146, 154
distal tibia, 88, 98
fibula, 94, 108
iatrogenic, 223, 225
osteogenesis imperfecta,

256–7, 261
proximal humerus, 132–4
proximal tibia, 85–6, 93–4
“temporary brittle bone

disease”, 316
metaphyseal lesion, classic.

See classic metaphyseal
lesion

metaphyses, 10, 20
bands, proximal tibial CML,

78, 87
beak contour, 294
blood vessels, 13
distal femoral, 65–7, 73
distal tibial, 89, 98
distal ulnar cupping, 294–5
irregularities
differential diagnosis, 218
distal femur and proximal
tibia in toddlers, 295–8

rickets, 241, 243
normal radiologic variants,

292–8
postmortem specimen

resection, 337

proximal humeral, 126–7
proximal tibial, 73–5, 83
spur, 294–6
step-off configuration, 292–5
subphyseal radiolucency in

normal infants, 298–9
vulnerability to trauma, 21

metatarsal fractures, 96–7,
110–12, 151

methemoglobin
extra-axial/subdural

hemorrhage, 399–400,
428

intracerebral hematoma, 399,
466

methotrexate, 232
middle meningeal artery injury,

401–2
migraine, hemiplegic, 481
mineralizing zone of growth

plate, 18–19, See also
zone of provisional
calcification

minors. See also children
emancipated, 639
mature minor doctrine, 639
medical care without parents’

consent, 640
records retention, 641

mitochondrial myopathy
encephalopathy lactic
acidosis and stroke-like
episodes (MELAS),
480

modulation transfer function
(MTF), 681

motion hearings, 647
motion, patient
CT scanning, 679
nuclear imaging, 680
prevention, skeletal surveys,

329, 713–14
x-ray imaging, 674

motions for a new trial, 649–50
multiple hereditary exostoses

(MHE), 218–19, 222
Munchausen syndrome by proxy

(MSBP), 613, 617–19
muscle injuries, severe

widespread, 586–7, 620
myelin vacuolization

(intramyelinic cerebral
edema), 458–9

myelodysplasia, 218, 221–3
birth-related fractures, 279

myoglobinuria, 586–8
myositis ossificans.

See heterotopic bone
formation

naphtha poisoning, 616
nasal injuries
fractures, 381–2
soft tissue, 377–8

nasal septal hematomas, 381–2

National Incidence Study of child
abuse and neglect, fourth
(NIS-4), 2

near infrared spectroscopy,
frequency domain, 492

neck injuries, 590–4, See also
craniocervical junction
(CCJ) injuries

abusive head trauma, 347
pharyngeal and esophageal

perforations, 590–4
spine. See cervical spine

injuries
necklace calcification, 619
necroptosis, 456
necrosis (neuronal), 454–7
acute, 454–6
cortical laminar, 460–1
delayed, 455–7

needles, inserted, 580, 588, 597,
616–18

neglect, 608, 610–13
nonorganic failure to thrive,

610–11
reporting suspected, 642

neonates
calcium homeostasis, 243
hemorrhagic disease, 430,

432–3
obstetric injuries. See obstetric

trauma
skeletal features, 211

neoplasia
differential diagnosis, 232
inflicted lower extremity

trauma vs., 55, 57
inflicted upper extremity

trauma vs., 122, 126
intracranial hemorrhage vs.,

435, 438
nerve supply, bones, 13
neuroblastoma, 598
neurocentral synchondrosis

vertebral injuries, 536–40
posterior ligamentous

disruption with, 544, 546
neurofibromatosis type 1 (NF1),

235
neurologic outcomes, 353, 481
neuromuscular disorders, birth-

related fractures, 279, 286
neurons
cell death mechanisms, 454–8
developmental pruning, 454

nightstick injuries, 142
nonaccidental injury, 1, 268
nuchal ligament, 508
nuclear imaging, 679–80,

See also positron
emission tomography

nature and properties of
gamma rays, 668–9

radiation dose, 329, 680
skeletal. See bone scintigraphy
small bowel hematoma, 574

technology and dose-related
issues, 680

nutrient arteries, 13
nutrient canals, 291–2, 298–300
nutritional deficiencies, 611–12
nutritional rickets, 245–6,

611–12

obesity, extreme childhood, 623
objects, falling, 272–3
oblique fractures of long bones,

32–3, 35
accidental, 270, 272–4
femur, 61, 63–4
humerus, 135
obstetric trauma, 281
tibia, 72, 87, 95–6

oblique radiographic views,
325–6

obstetric trauma, 279–87
cervical spine epidural

hematoma, 517
clavicular fractures, 195,

213–15, 279–80
femoral fractures, 55, 58–9, 71,

283–6
fracture healing, 210
humeral fractures, 123–4, 131,

138, 280–4
long bone injuries, 280–6
rib fractures, 286–7
risk factors, 279, 286
scalp and cranium, 287, 374–5,

384
spinal injuries, 287, 549
subdural hemorrhage, 418, 420

occipital bone, 504–5
biomechanics, 360
developmental variants, 371
fractures, 365–7

O’Connor, John F., 208
odontoid process, 505
olecranon fractures, 141, 144,

149, 151
oral trauma, 590, 622
orally inserted foreign bodies,

590, 613–16
orbital injuries, 382–6
orthopedic deformities.

See growth disturbances/
residual deformities

orthopedic manipulations, for
clubfoot deformity, 223,
225

Osler–Weber–Rendu disease,
436

ossification
endochondral, 15–20
intramembranous, 15, 20

ossification centers
primary, 15–16
secondary, 16–17
secondary-like, 16

osteoblast-lineage cells, 13–14
osteoblasts, 13
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osteoclasts, 14
resorption of mineralized

cartilage, 18
osteocytes, 13–14
osteocytic osteolysis, 14
osteogenesis imperfecta (OI),

218, 254–64
abuse of children with, 263,

609–10
biochemical and molecular

aspects, 258–60, 263
chondro-osseous pathology,

258
classification, 254–5
clinical features, 255–7
genetics, 257
imaging features, 260–3
intracranial hemorrhage, 439
overview of diagnosis,

263–4
transient. See “temporary

brittle bone disease”
type I, 254, 256, 260, 262
type III, 255, 261
type IV, 255, 257, 259–60
type V, 255

osteogenic sarcoma, inflicted
injury simulating, 55, 57

osteolytic lesions
after traumatic pancreatitis,

579–80
comminuted fractures

resembling, 63, 66
osteomalacia, 240
maternal, congenital rickets,

244–5
osteomyelitis, 218, 223–6
abused infant, 224, 228
inflicted injury simulating,

141, 149
meningococcemia with, 224,

228
osteons (Haversian systems),

11–12
osteopenia, 240, See also bone

demineralization
causes, 218
chemotherapeutic drug-

induced, 232
neglected children, 612
of prematurity, 244
paralytic neurologic disorders,

221–2
osteopetrosis, 218–19, 221
osteoporosis, 240, 248
osteoprogenitor cells, 13
osteoprotegerin (OPG), 14

pain, congenital insensitivity to,
218, 221–3

pancreatic injuries, 577–80
pancreatic pseudocysts, 577–9
pancreatitis, 577–9
chronic, 579
osseous changes, 579–80

parallel imaging technique, MRI,
692, 701

paralytic neurologic disorders,
221–3

parathyroid hormone (PTH),
241–3

parenchymal brain injuries. See
under brain

parent–child attachments, 634
parent–infant traumatic stress

syndrome (PITS), 346
parents (or caregivers or

guardians). See also
perpetrators

as victims of abuse, 635
characteristics of abusive,

634–5
consent issues, 639–40
interactions with, 635–6,

660
withholding information from,

641
parietal fractures, 365–7, 369–70
biomechanics, 360–1
wrap around (biparietal), 364,

366, 373, 383
patients. See children
peak kilovoltage (kVp), 668, 672
skeletal surveys, 713

pelvic mass, after sexual assault,
621, 623

pelvis
fractures, 97–101, 114–16
normal variants, 307–8
soft tissue injuries, 101, 117

perfusion imaging, MRI, 704–5
perichondrium, 12–13, 15, 30
perineal injuries, accidental, 599
periosteal blood vessels, 13
periosteum, 10, 12–13, 30
skull, 357

periportal tracking, liver injuries,
581–2

perpetrators. See also defendants;
parents

aiding assessment of intent,
647

confessions by, 349
withholding information from,

641
pertussis (whooping cough), 441,

471
PET. See positron emission

tomography
phalangeal (finger) fractures,

148–52, 159–60
pharyngeal perforations, 590–4,

613, 615, 622
phosphorus metabolism,

disorders of, 240–9
photoelectric effect, 669
physeal injuries, 47–8, See also

epiphyseal separations;
Salter–Harris (SH)
injuries

distal femur, 70–1
distal humerus, 138–40, 144–5
distal radius, 148, 157
distal tibia, 93, 107
healing, 213
obstetric trauma, 281–6
proximal femur, 55–61
proximal humerus, 129–34
proximal tibia, 80–5, 90
ribs, 170–1
Salter–Harris classification,

47
physes. See growth plates
physics survey, annual, 709–12
pia mater, 395–6
placental parathyroid-related

protein (PTHrP),
241–2

plaintiff, 646
plastic bowing injuries, 32–3
fibula, 87, 92, 94
radius and ulna, 143, 152

pleural effusions, 591, 595
chylous, 596

pneumatosis
colonic, 576
gastric, 566–7
intestinalis, 576–7

pneumomediastinum, 591,
595

pneumoperitoneum, 568–9
pneumothorax, without rib

fractures, 595
poisonings, 613–16, 618
police/law enforcement agencies
contacts with, 660
disclosure of information to,

640–1
reporting suspected abuse,

643
popping rib, 189, 191
portal vein
gas, 576–7, 583
thrombosis, 582

positioning, patient, for skeletal
surveys, 713–14

positron emission tomography
(PET), 679–80,
See also bone
scintigraphy

clavicular fractures, 194
cranial injuries, 362
distal femoral epiphyseal

separation, 81
femoral CMLs, 60–1, 70,

79
femoral fractures, 63, 65
fibular shaft fractures, 107
humeral injuries, 128, 132–3
pelvic fractures, 115–16
radiation dose, 329, 680
radiographic skeletal surveys

vs., 328–9
rib fractures, 180, 183–4,

186

role in child abuse, 680
sensitivity, 329
spinal trauma, 534, 551
SPNBF, 30, 32
sternal injuries, 197

posterior longitudinal ligament,
508, 532

postmortem research
abusive head trauma, 347–8
craniocervical junction/

cervical spine injuries,
524–5

fracture distribution, 25, 29
liver injuries, 581
proximal femoral epiphyseal

separations, 55, 59
skull fractures, 361, 365

postmortem skeletal imaging,
335–8, See also
specimens, postmortem

data analysis, 338
differential diagnosis of fatal

abuse, 338
histologic analysis of resected

material, 337
skeletal surveys, 331, 335–7,

714
Power ratio, 513
precession, 690–1
pregnancy. See also fetus
abuse during, 620

premature infants
metabolic bone disease,

243–4
risk of abuse, 609
“temporary brittle bone

disease”, 316
prenatal rib fractures, 166,

264
programmed cell death (PCD),

developmental, 454
proliferating zone, growth plate,

18–19
prosecutors, 646
prostaglandin E1, 232
protected health information

(PHI), disclosure,
640–1

proton density (PD) spin-echo
imaging, 699–701

proton magnetic resonance
spectroscopy (1H-MRS),
490–1

concussion, 476
diffuse axonal injury, 464

proximal femur, 57–61,
See also hip

birth-related injuries,
283–6

classic metaphyseal lesion, 59,
61

physeal injuries and epiphyseal
separations, 55–61

proximal forearm fractures, 141,
149–50
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proximal humerus, 126–34
classic metaphyseal lesion,

124–30
birth-related, 281–3
overlap with epiphyseal
separation, 134

fracture-dislocation, 130, 134
metaphyseal beak, 294
metaphyseal nonspecific

fractures, 132–4
normal anatomy, 123, 126–7
physeal injuries and epiphyseal

separations, 128–34
birth-related, 281–3
deformities complicating,
131, 134

overlap with CML, 134
spurious SPNBF, 291, 294–5
step-off contour, 293, 295

proximal tibia, 72–86
classic metaphyseal lesion,

73–9, 83, 85–6, 88
cortical irregularity, 293, 298
irregularities in toddlers,

295–8
metaphyseal beak, 294
metaphyseal step-off

configuration, 294
nonspecific metaphyseal

injuries, 85–6, 93–4
normal anatomy, 73–5, 83
physeal injuries and epiphyseal

separations, 80–5, 90, 92
pseudoscience, 319–20
pseudo-subarachnoid

hemorrhage, 406–7
psychosocial considerations,

633–7
psychosocial dwarfism, 610–11
psychosocial sequelae, long-

lasting, 634
pulmonary consolidation,

hydrocarbon poisoning,
616

pulmonary edema, 596
pulmonary trauma, 595–6
Purcell, Edward, 695

qualification, expert witnesses,
647–8

quality assurance (QA), 708–15
quality control (QC), 708
quality of published studies, 315
quantitative computed

tomography (QCT), 248
quantum mottle (quantum

noise), 673
questions
cross-examination, 656
direct examination, 654–5
evidence-based medicine,

310–11

radiation dose, 669–71
absorbed dose, 669–70

clinical aspects of managing,
682–4

CT. See under computed
tomography

Effective Dose, 670–1
equivalent absorbed dose, 670
global skeletal assessment, 329
radionuclide imaging, 329, 680
units of expression, 670
x-ray image contrast and, 673

radiation, ionizing, 669–70
radicular vein, lacerated, 517
radio-frequency (RF) pulses,

MRI, 690
fat saturation, 700
inversion, 700–1
refocusing, 695
transmitting and receiving

hardware, 689, 692–3
radiographic image. See x-ray

image
radiography, 675–7
craniocervical and cervical

injuries, 512–13, 515
digital technologies.

See digital radiographic
technologies

film-screen systems, 675
fracture dating, 213–14
maintaining and calibrating

equipment, 709–12
radiation dose management,

682
rib fractures, 173, 180–2, 326
skeletal surveys. See skeletal

surveys, radiographic
specimen, 337

radiologic images
formation, 667–84
informal advice to colleagues,

660
labeling, 714
pre-trial review, 653
quality, 681–4
quality assurance, 708–15

radiologists
as expert witnesses. See expert

witnesses
contacts with abuse

investigators, 660
expert testimony. See expert

medical testimony
general legal issues, 638–43
interactions with parents,

635–6, 660
precautionary measures, 660
reporting suspected abuse,

642, 660
response to child abuse,

658–63
subpoenas, 646–7, 661

radiology report, 640, 651,
659–60, See also records

radiology team/staff
best practice guidelines, 636–7

manual immobilization of
patients, 714

responsibility for quality
assurance, 714–15

specific challenges for, 635–6
training, 636

radionuclide bone scans.
See bone scintigraphy

radionuclide imaging.
See nuclear imaging

radionuclides, 668
radiopharmaceuticals, 668–9
radius, 141–8
distal fractures, 145–8, 153
CML, 146–8, 155–6
metaphyseal nonspecific,
146, 154

normal anatomy, 146, 154
physeal injuries, 148, 157

midshaft fractures, 141–5,
151–2

physiologic SPNBF, 291
proximal fractures, 141, 150
traumatic dislocation of head,

141, 151
randomized controlled trials

(RCTs), 310, 315
RANK, 14
RANK ligand (RANKL), 14
Rapunzel syndrome, 566, 613
reasonable suspicion standard,

641–2
records (medical), 640–1
confidentiality, 640–1
expert opinion testimony, 653
guidelines for creating, 640,

651, 659–60
pre-trial discovery, 646–7
pre-trial review, 652, 662
retention, 641

rectum
foreign bodies, 577, 621–2
injuries, 576–7, 620–1

red blood cells (RBCs), subdural
hematoma, 400

relaxation times, 694–6
religious issues, 635
remodeling, bone, 20, 213–14
remote fractures, dating, 211–12
renal artery occlusion, acute, 597
renal failure, 586–8, 620
repetition time (TR), 692
gradient-echo imaging, 701
spin-echo imaging, 699

repetitive injuries, 211
fracture dating and, 210–11

reporting child abuse, 641–3, 660
liability aspects, 642
practical aspects, 642
process, 642–3
reasonable suspicion standard,

641–2
reserve zone, growth plate, 17
retinal hemorrhages (RH),

350–1, 466, 468

biomechanics, 350–1
choking/coughing as

explanation, 441, 471
hypoxic brain damage as

cause, 440
legal aspects, 648–9

13-cis-retinoic acid, 232
retinoschisis, traumatic, 350
retroclival hematomas/other

collections, 518–20,
529–31

retroperitoneal free air/oral
contrast, 569–70

retropharyngeal abscess, 590
reversal sign (bright cerebellum),

467, 469
rhabdomyolysis, renal failure,

586–7, 620
rib cage, 164–89
rib fractures, 164–89
abdominal visceral injuries,

186–7, 190, 596
accidental, 274–5
advanced and multimodality

imaging, 180, 182–4, 186
anterior and lateral, 170, 172,

175–7, 182
birth-related, 286–7
cardiopulmonary resuscitation

(CPR) and, 189
costochondral junction (CCJ),

172, 176–9, 182–3, 186–7
distribution, 166, 168–70
epidemiology, 25–7, 29–30,

164–5
first rib, 174, 178, 184–6, 188
historical aspects, 164–5
hospitalized children, 189, 192,

317
imaging features, 180–4
intrathoracic injuries, 319, 595
intrauterine, 166, 264
liver injuries and, 187, 190,

581–2
midposterior, 170, 176
multiple hereditary exostoses

vs., 219, 222
near costovertebral

articulations, 168, 170, 187
osteogenesis imperfecta,

261–2, 264
patterns, pathology, and

mechanisms, 167–78
posterior, 166, 170–6, 181–2,

187
pseudo, 305

premature infants, 244
radiography, 173, 180–2, 326
rib head, 167, 170–1, 173–4,

181
rib neck, 168, 171–6, 181–2
solitary, 188, 191
special focus topics, 184–9
“temporary brittle bone

disease”, 316, 318–19
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ribs
anatomic divisions, 168
double inferior cortex, 302–4
fusion anomalies, 300–1,

303–4
lateral notch, 305–6
normal anatomy, 165–7
normal variants, 300–6
ossification defects/

pseudarthrosis, 300, 303
popping, 189, 191
postmortem specimen

resection, 337
pseudo-SPNBF, 295, 305
thin, osteogenesis imperfecta,

261
rickets, 240, 243–8
child abuse vs., 247–8
congenital, 244–5
nutritional, 245–6, 611–12
premature infants, 244
radiographic features, 241, 243
vitamin D deficiency, 243,

245–6
Rigler sign, 568
Riley–Day syndrome, 221, 223
ring of Lacroix, 16–17
risk factors for abuse, child, 634
Röntgen, Wilhelm Conrad, 668

sacral fractures, 544–5, 547–8
Salter–Harris (SH) injuries, 47–8,

See also physeal injuries
classification, 47
type I, proximal humerus, 129
type II, 48
distal radius, 148, 157
distal tibia, 93, 107
proximal humerus, 128, 131
proximal radius, 141, 150
proximal tibia, 82, 91–2

type III, distal humerus, 140
scalp
anatomy, 358
nontraumatic swelling, 364

scalp injuries
dating skull fractures, 370
differential diagnosis, 372
hair pulling, 364, 619
imaging, 362–5
obstetric, 374–5, 384

SCALP mnemonic, 358
scapular fractures, 197–203
anatomy and mechanisms of

injury, 197–8
imaging features, 199–203

scatter, radiation, 669, 672
scintigraphy. See nuclear imaging
sclerosis, bony
diffuse, involving long bones,

33
first metatarsal fractures, 97,

111
proximal humeral CML, 127,

130

proximal tibial CML, 78–9, 88
rib fractures, 181
scapular fractures, 199, 203

scrotal trauma, 588–9, 622
scurvy, 218, 226–9
SDH. See subdural hemorrhage
second impact syndrome (SIS),

476, 479
sedation, for global skeletal

assessment, 329
seizures
causing acromial fractures,

198, 219, 221
causing proximal femoral

physeal injuries, 223
sepsis, induced, 618–19
septic arthritis, 223–5, 227
sequestration orders, witness,

653, 656
sexual abuse, 620–3
esophageal perforation, 593
pelvic injuries, 101, 117
rectal and anal injuries, 576–7,

620–2
reporting, 643

shaken baby syndrome (SBS),
346

shaking (of infants), 3
biomechanics, 349–50
challenges to expert testimony,

648–51
craniocervical junction/

cervical spine injuries,
512, 523–5, 527

evidence-based approach,
315

historical descriptions, 345–6
intracranial injuries, 349–50
media scrutiny of legal

proceedings, 650
retinal hemorrhages, 350–1
subdural hemorrhage, 407
terminology, 346

Sharpey’s fibers, 13
sharpness, x-ray image, 673
shear stiffness, pediatric brain,

348
shear-strain axonal injury.

See diffuse axonal injury
shielding, patient, 714
shock, due to corporal

punishment, 620
shopping carts, falls from, 474,

478–9
short tau inversion recovery

(STIR) imaging, 701–2
shoulder
dislocation, 132
fracture-dislocation, 130, 134

shoulder dystocia, 279–80, 286
shoulder girdle injuries, 198, 202
sickle cell crisis, 231–2
Sieverts (Sv), 670
Silverman, Fred N., 3, 23, 358

single photon emission
computed tomography
(SPECT), 679

single-shot fast spin echo
(SSFSE), 698, 700

sinus of Breschet injury, 402
sinusitis, subdural empyema

complicating, 416
Size-Specific Dose Estimates

(SSDE), 684
skeletal assessment, global.

See global skeletal
assessment

skeletal imaging, 324–32
child in a cast, 330–1
critically ill child in intensive

care, 331
global assessment, 324–30
postmortem, 331, 335–8
specific injuries, 330

skeletal scintigraphy. See bone
scintigraphy

skeletal surveys, radiographic,
326–7, 708–12

after hours, 331–2
availability, 329
child in a cast, 330
cost, 330
critically ill child in intensive

care, 331
definition and background,

709
digital acquisition, 709
equipment maintenance and

calibration, 709–12
examination, 712–14
follow-up, 327
fracture distribution, 29–30
image identification, 714
indications, 25, 708–9
infants with skull fractures,

387–8
interpreter dependency, 330
patient immobilization and

positioning, 329, 713–14
postmortem, 331, 335–7
indications, 335–6
initial radiologist review, 337
technique, 336–7, 714

principles/imaging protocol,
326–7, 710, 712

quality assurance, 708–15
radiation dose, 329
radiation protection concerns,

682
recommendations, 332
responsibility for quality

assurance, 714–15
scintigraphy vs., 328–30
sedation requirements, 329
sensitivity, 329
specificity, 329
spine, 327, 549–50
standards, 325, 336
technical factors, 330, 713

skeletal trauma, 23–48
dating fractures, 208–15
differential diagnosis
accidental trauma, 268–75
diseases, dysplasias, and
syndromes, 217–35

metabolic bone disease,
240–9

normal variants, 290–308
obstetric trauma, 279–87
osteogenesis imperfecta,
254–64

epidemiology and distribution,
24–30

factors predicting abuse, 24, 28–9
lower extremity, 53–117
thorax, 164–203
upper extremity, 121–52
vulnerable sites, 21

skeleton, 9–21
growth and development, 15–20
normal variants, 290–308
structure and function, 9–14

skull
anatomy and development,

357–9
fissures, 370–1, 378–9
normal variants, 370–2
osteogenesis imperfecta, 259,

262
vascular grooves, 371, 380

skull fractures, 358–75
accidental, 372–4, 382–3
basilar, 364, 369, 372
bilateral, 365–6, 373
biomechanics, 360–3
biparietal, 364, 366, 383
birth-related, 287, 374–5, 384
comminuted, 364, 370
complex, 361–4, 367, 370
depressed, 364–5, 367, 369–70
differential diagnosis, 373–4,
383

diastatic, 365
differential diagnosis, 370–5
elevated, 364
epidemiology, 25–7, 29–30,

358–60
growing, 365, 367, 388
healing, 369–70, 377
imaging patterns, 364–5
imaging strategies, 386–8
indicating need for skeletal

survey, 387–8
linear (simple), 361, 364, 369
patterns in abuse, 365–9
ping-pong, 369, 373, 383
repeat, 369, 375
soft tissue injuries, 362–5

skull radiographs, 386
basilar skull fractures, 364
follow-up, 388
mandibular fractures, 381, 385
skeletal surveys, 327
subgaleal hematoma, 362–3
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small intestinal injuries, 567–76
association with abuse, 564, 568
intramural hematomas, 570–5
miscellaneous, 575–6
perforations, 567–70
strictures, 574–6

Smith, Shirley Ree, 650
social isolation, 635
social services, reporting

suspected abuse, 642–3
societal costs, abusive head

trauma, 353
Society for Pediatric Radiology

(SPR), 684
global skeletal imaging

recommendations, 332
Image Gently campaign, 682,

684
soft tissue injuries
cranial, 363–4, 370
facial, 375–8
lower extremity, 54, 57
pelvis, 101, 117
radiographic fracture dating,

213–14
sexual abuse, 622
shock due to, 620
upper extremity, 122, 126
whole-body MRI, 600

sonography, 680
abdominal visceral trauma,

599
clinical role, 330, 680
cranial. See cranial sonography
distal femoral CML, 70
distal femoral epiphyseal

separation, 71, 80–1
distal humeral physeal injuries,

139, 142, 145
liver injuries, 582
obstetric trauma, 281–5
osteomyelitis and septic

arthritis, 224–5
pancreatic injuries, 578–9
proximal humeral epiphyseal

separation, 128, 133
rib ossification defects, 300
small bowel hematoma, 572–5
spinal subdural hemorrhage,

522
SPNBF, 29, 32

spatial resolution, x-ray image,
673–4

SPBC. See subperiosteal bone
collar

special needs, children with,
608–10, 634

specimens, postmortem
high-resolution CT, 337
histologic analysis, 337
radiography, 337
resection, 337

SPECT (single photon emission
computed tomography),
679

sphenoparietal venous sinus
injury, 402

spin echoes, 693–4
spinal cord injuries
cervical, 522–9
clinical issues, 527–8
imaging, 517, 528–9
mechanisms, 525–7
pathology, 522–5

without radiographic
abnormality
(SCIWORA), 527–8

spinal dysraphism (myelodysplasia),
218, 221–3

birth-related fractures, 279
spinal trauma, 343, 494–553
birth-related, 287, 549
cervical spine. See cervical

spine injuries
craniocervical junction.

See craniocervical
junction (CCJ) injuries

dating, 551
differential diagnosis, 547–9
editor’s note, 343
epidemiology and patterns,

495–502
historical descriptions, 495
imaging strategies, 549–53
outcome, 495
paraspinal calcification, 542,

544
sacral fractures, 544–5
thoracolumbar.

See thoracolumbar spine
injuries

vertebral body fractures.
See vertebral body
fractures

spine. See also vertebrae;
vertebral body fractures

MRI, 491
postmortem specimen

resection, 337
prevalence of fractures,

495–502, 504
relevant anatomy, 504–8,

531–2
three-column concept, 533

spine radiographs
cervical spine injuries, 508, 551
facet joint disruption and

dislocation, 540
hypopharyngeal perforation, 591
osteogenesis imperfecta, 256,

259, 262
sacral fractures, 544
skeletal surveys, 327, 549–50,

552
thoracolumbar spine injuries,

527–8, 531, 534
spin-echo imaging, 695–6,

699–701
spinous process fractures, 533,

536

spiral fractures of long bones, 33
accidental, 271, 273
femur, 63–4
humerus, 135
tibia, 72, 87

Spivack, Betty, 649
splenic injuries, 583–4
SPNBF. See subperiosteal new

bone formation
spoiling, gradient-echo imaging,

702, 706
spondylometaphyseal dysplasia

(SMD), 218
Japanese form, 218
Sutcliffe/corner fracture type,

217, 219–20
spongiosa
primary, 18–19

spur, metaphyseal, 294–6
stairways, falls down, 271,

479
starvation, 612–13
State v. Edmunds, 649–50
steady state free precession

(SSFP) imaging, 702–3
step-off configuration, normal

metaphyseal cortex,
292–5

step-off deformity, cortical,
proximal tibia, 79, 90

sternal fractures, 195–7
accidental, 275

sternoclavicular dislocation,
280

STIR imaging, 701–2, See also
whole-body magnetic
resonance imaging

stomach
injuries, 565–7
neglected children, 611

strangulation
brain injuries, 467–8, 470
necklace calcification, 619

stress, family, 634–5
stroke, adult, imaging features,

454, 460
study designs, 310
study quality, 315
subarachnoid hemorrhage

(SAH), 403–7
imaging, 405–6
neoplasms mimicking, 434,

438
nontraumatic causes, 404,

406
pseudo- and other mimics,

406–7
skull fracture association,

359
subarachnoid space, 396
benign enlargement, in infancy

(BESSI), 418, 420–3
enlarged, differential diagnosis,

421
tumor cell deposits, 438

subdural effusion, 415, 417–19
chronic SDH vs., 430–1
hemorrhagic complications, 436

subdural empyema, 416, 419
chronic SDH vs., 431

subdural hematohygroma, 412,
414–15

evolving into chronic SDH,
417, 426

mixed attenuation,
nonenhanced CT, 424

subdural hemic and nonhemic
collections, 397, 407–19

challenges in interpreting,
420–31

imaging strategies, 488
spinal, 491, 547

subdural hemorrhage (SDH),
407–12

accidental vs. abusive, 421,
423–4

acute interhemispheric,
412–13

as indicator of abuse, 407
benign enlargement of

subarachnoid spaces in
infancy and, 419–23

biomechanics, 407–8
birth-related, 418, 420
challenges in interpreting,

420–31
choking/coughing as

explanation, 441, 471
chronic. See chronic subdural

hemorrhage
clinical differential diagnosis, 347
compartmentalization, 408
dating, 397–400, 417, 422, 426–7
historical descriptions, 345–6
hypoxic ischemic

encephalopathy (HIE)
and, 440–1

imaging strategies, 488
ipsilateral hypoxic-ischemic

injury, 472–4, 477
legal aspects, 648–9
mixed attenuation,

nonenhanced CT, 398,
422, 424–5

neuropathologic aspects,
407–12

nontraumatic causes and
mimics, 412, 427,
430–9

retroclival, 519–20, 530–1
skull fracture association, 359
spinal, 515, 517–22, 547, 553
anatomy and mechanisms,
517

differential diagnosis, 549
imaging, 514, 516–22

spontaneous, in infants
(SSDHI), 439

unsubstantiated theories of
origin, 440–1
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subdural hygroma, 413–16
chronic SDH vs., 417, 430
evolving into chronic SDH,

417, 426, 428
subdural space (or compartment),

396, 408–9
subgaleal hematoma, 362–4, 372,

619
subgaleal space, 357
subperiosteal bone collar (SPBC),

16–17
classic metaphyseal lesion,

37–9
distal radius and ulna, 146, 154
distal tibia, 89
normal variants, 292–3
proximal humerus, 123, 127
proximal tibia, 75, 83
rickets, 243
vulnerability to trauma, 21

subperiosteal hematoma, cranial
(cephalohematoma),
363–4, 372

birth-related, 374–5, 384
subperiosteal hemorrhage, 27,

29–32, 212
subperiosteal new bone

formation (SPNBF), 30–2
alternative causes, 32, 218,

228–32
Caffey disease, 231
classic metaphyseal lesion, 69
clavicle, 194–5, 280
dating fractures, 209, 214–15
distal femoral epiphyseal

separation, 71
distal humeral physeal injuries,

139, 144–5
distal radius and ulna CMLs,

148, 155
distal tibial CML, 92, 105
fibular fractures, 94
healing fractures, 210, 212
healing physeal injuries, 213
humeral shaft fractures, 135–6
mandibular, 381, 387
obstetric trauma, 280–1
physiologic, 32, 290–3
fractures through pre-
existing, 64, 69, 291

prostaglandin E1-induced, 232
proximal humeral epiphyseal

separation, 128–30, 134
proximal tibial epiphyseal

separation, 82
radiographic features, 28, 32
radionuclide bone scans, 30, 32
radius and ulna, 144, 148, 151
ribs, 174, 176–7, 182
sonographic features, 29, 32
spurious/pseudo
humerus, 291, 294–5
ribs, 295, 305

supracondylar distal humerus,
137, 140

tibial shaft fractures, 88
timing of appearance, 210
vitamin A intoxication, 228

subphyseal metaphyseal
radiolucency, normal
infants, 298–9

subpial hemorrhage, 396, 417,
420

subpoenas, 646–7, 661
subscalp
anatomy, 358
injuries, 363–4

sudden infant death syndrome
(SIDS), 336, 338

sudden unexpected infant death
(SUID), 336, 338

suffocation, 467, 469
sulfite oxidase deficiency, isolated

(ISOD), 477
superior pubic ramus (SPR)
fractures, 101, 114
lucencies in osteopetrosis, 219,

221
normal ossification variants,

307–8
supraspinous ligament, 508
susceptibility-weighted imaging

(SWI), 489–90
swirl sign, epidural hemorrhage,

401, 403
synchondroses, cranial,

358–9
normal variants, 372
traumatic diastasis, 365

synchrotons, 681
Syndrome de Silverman-

Ambroise Tardieu, 3
syphilis, congenital, 218, 226,

228
systematic reviews, 310

T1, 695
T1-weighted gradient-echo

imaging, 701–3
T1-weighted spin-echo imaging,

697, 699–701
T2, 694–5
T2*, 694–5
T2*-weighted gradient-echo

imaging, 701–3
T2-weighted spin-echo imaging,

697, 699–701
Tardieu, Ambroise, 3, 358
technetium99m(99mTc)methylene

diphosphonate (MDP)/
medronate scans. See also
bone scintigraphy

radiation dose, 329
radiographic skeletal surveys

vs., 328
rib fractures, 182–3, 189
toddler’s fracture, 270

tectorial membrane (of atlanto-
axial joint), 507–8

injuries, 529–31

telephone contacts, abuse
investigators, 660

televisions, falling, 272–3, 475, 479
“temporary brittle bone disease”

(“TBBD”), 316–20
Miller, 317–19
Paterson, 247, 316–17

tetanus, neonatal, acromial
fractures, 198

thalassemia, 234
thigh
skeletal trauma. See femur
soft tissue injuries, 54, 57

thoracic compression, manual,
168, 171–4, 176, 178

thoracic spine fractures, 527–8,
534–5, See also
thoracolumbar spine
injuries

thoracic trauma. See also rib
fractures

bony, 164–203
cardiac injuries, 597
esophageal perforation, 593
internal injuries, 319, 594–7

thoracolumbar spine injuries,
531–44

chronic changes, 535
fracture-dislocations, 536–44,

546
imaging features, 527–8, 534–5
imaging strategies, 549–53
isolated posterior ligamentous

injuries, 544, 547
mechanisms of injury, 532
patterns of injury, 533–4
posterior elements, 535–44
relevant anatomy, 521, 531–2
spinous process fractures, 533,

536
vertebral body fractures.

See vertebral body
fractures

three column spine concept, 533
three-dimensional (3D)

constructive interference
in steady state MRI, 491

three-dimensional (3D) CT
models

rib fractures, 182, 184, 188
scalp injuries, 362–3
skull fractures, 364–5, 367,

371–2
three-dimensional Fourier

transform (3D-FT) MRI,
692

gradient-echo imaging, 701
spin-echo imaging, 700

thymic involution, 596, 613
tibia, 71–93
accidental trauma, 270, 272
distal. See distal tibia
physiologic SPNBF, 291–3
proximal. See proximal tibia
shaft fractures, 86–8, 95–6

tidemark cartilage, 20
time-of-flight (TOF) magnetic

resonance angiography
(MRA), 697, 702

tin ear syndrome, 377
tissue weighting factors (wT), 671
toddlers (1–3 years)
biomechanics of falls, 352
distal femoral and proximal

tibial metaphyseal
irregularities, 295–8

epidemiology of skeletal
injuries, 27

toddler’s fracture, 87, 97, 270,
272

hyperextension, 272
toe fractures, 97, 112
tomosynthesis, digital (DT), 684
tooth, in mediastinum, 593
torture, child, 623
Toxocara infection, 480
trabeculae, bone, 12
pediatric skull, 360–1

trabecular transition zone, 19, 21
tracheal rupture, 594
training, radiology staff, 636
transaminases, serum, 580–1
transverse fractures of long

bones, 33–4, 36
femur, 63, 65
humerus, 135–6
obstetric trauma, 281
radius and ulna, 143, 150–1

transverse ligament of atlas,
505–6, 508

traumatic brain injury (TBI).
See abusive head trauma;
intracranial injury

trauma-X, 1
trials. See legal proceedings
trichobezoar, 566, 613
trichopoliodystrophy.

See Menkes disease
troponins, cardiac, 597
tube current (mA), 668
skeletal surveys, 713

Tuerkheimer, Deborah, 650
tumors. See neoplasia
turbo spin echo (TSE). See fast

spin echo
two-dimensional Fourier

transform (2D-FT) MRI,
691–2

spin-echo imaging, 700
tympanic membrane, perforated,

376

ulcerative colitis, neglected, 613
ulna, 141–8
distal
CML, 146–8, 155
fractures, 145–8, 154
normal anatomy, 146, 154

midshaft fractures, 141–5,
151–2
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ulna (cont.)
normal distal cupping, 294–6
physiologic SPNBF, 291
proximal fractures, 141, 149

ultrasonography. See sonography
upper extremity
accidental trauma, 273–4
fractures, 121–52
soft tissue injuries, 122, 126

upper gastrointestinal (uGI)
series, 599–600

duodenal perforation, 570
gastric hematoma, 566–7
gastric ulcer, 567
small bowel hematoma, 571–4

urinary tract injuries, 586–9
urinoma, 587
Uscinksi, Ronald, 648–9

vaginal delivery, difficult/
instrumented, 279–81,
283, 285, 287

vaginal injuries, 621–2
vascular grooves, cranial, 371,

380
vascular injuries, 597
liver, 582
neck, 594

vascular malformations,
intracranial, 432, 436

venous infarcts, cerebral, 474–5
ventricular septal defect (VSD),

traumatic, 597
ventricular shunting, SDH

complicating, 427
vertebrae
facet disruption and

dislocation, 539–44
fracture-dislocations, 536–44,

546
limbus, 535
neurocentral synchondrosis

injuries, 536–40, 544, 546
relevant anatomy, 531
spinous process fractures, 533,

536
vertebral artery hemorrhage, 594

vertebral body
normal, 521–2, 531
wandering, 538–9

vertebral body compression
fractures, 533–4

imaging features, 527–8, 532,
534–5

osteogenesis imperfecta, 262
prevalence in abuse, 501
radiologic–histopathologic

correlates, 523, 534
vertebral body fractures
cervical, 510, 515
chronic effects, 533, 535
imaging features, 534–5
pattern 1 (compression

deformity). See vertebral
body compression
fractures

pattern 2 (anterosuperior end
plate), 525, 534

pattern 3 (combined lesions),
526, 534

prevalence in abuse, 495–501
radiologic–histopathologic

correlates, 523, 525–6, 534
vertebral notching
abusive, 533, 535
normal, 549, 551

vertically orientated fractures,
tibial shaft, 87, 97

viral encephalitis, 436, 476, 480
visceral trauma, 563–600
abdominal, 565–89
differential diagnosis, 598–9
epidemiology, 563–5
imaging strategies, 599–600
lower rib fractures with, 186–7,

190, 596
mechanisms of injury, 565
mortality, 565
neck and thorax, 590–7
occult, 565

visual aids, to expert testimony,
653, 663

vitamin A intoxication, 218,
228–32

vitamin C deficiency (scurvy),
218, 226–9

vitamin D, 240–2
deficiency
abuse with, 249
maternal, congenital rickets,
244–5

prenatal, lack of effect,
242–3

rickets, 243, 245–6
“temporary brittle bone
disease”, 317

neonates, 243
prenatal function, 242–3
supplements during

pregnancy, 243
vitamin D receptor (VDR),

prenatal function, 242
vitamin K deficient bleeding

(VKDB), 430, 432–3
von Willebrand disease, 433

wandering vertebral body, 538–9
water molecules, in MRI, 688–9,

697
diffusion in tissue, 696
distinction from fat, 701–3
rotational and translational

motions, 694–5
whiplash injuries, 407, 527,

See also shaking
whiplash shaken infant

syndrome, 346
white matter injuries
bilateral symmetric, anoxia,

467
parenchymal lacerations,

464–6
shear-strain. See diffuse axonal

injury
white matter, MRI, 697–8
whole-body magnetic resonance

imaging (WB-MRI), 326,
701

femoral fractures, 62–3
rib fractures, 184, 188
visceral injuries, 581, 600

whooping cough (pertussis), 441,
471

Wimberger sign, 226
witnesses
expert. See expert witnesses
fact, 647–8
sequestration, 653, 656

Wormian bones, 371–2
normal young children, 371,

381
osteogenesis imperfecta,

261–2
woven bone, 10–11
classic metaphyseal lesion, 42
healing fractures, 212–13

wrap-around artifact, MRI, 700
wrap-around skull fracture, 364

x-ray image, 672–4
contrast, 672–4
physiologic motion and

voluntary movement,
674

quality, concepts, and metrics,
681

spatial resolution, 673–4
x-ray tube, 668
x-rays, 668–79
detection systems, 674–9
discovery, 668
interactions with matter, 669
plain film imaging.

See radiography
polychromatic vs.

monochromatic, 681
properties, 669
radiation dose terminology,

669–71
sources, 668

zone of provisional calcification
(ZPC)

histologic (hZPC), 18–19
rachitic changes, 243
radiologic (rZPC), 19
CML, 36–9

zones, growth plate, 17–18
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